Abstract
. We can see from the Eq. 1 that the ambiguity function of ( ) s t is the 2D Fourier Transforms of its Wigner-Ville Distribution (WVD). G.M.Amin has proposed a MUSIC method based on ambiguity function distribution [15] (AD-MUSIC) for the far-field sources. We introduce the method to near-field, aiming to improve the performance of estimation of bearing and range for non-stationary signals. We also propose an improved ROOT-MUSIC method based on ambiguity function distribution using second order statistics (called AD-ROOT-MUISC).
The ambiguity function of the signals
Mixed source signals are considered in our model, one is a linear frequency modulation (LFM) signal, and another is a sinusoidal signal, shown in Eq. 2 and Eq. 3, respectively. 
where 0 f and k are starting frequency and FM rate of the LFM signal. 1 f is the frequency of the sinusoidal signal. The time domain waveforms of the two signals are as follows. 
where u and  are time lag and frequency lag, respectively, and
Therefore, in the ambiguity domain, the auto-ambiguity function of a sinusoidal signal is a straight line through the origin along 0   . A LFM signal with the FM rate k will pass through the origin, the signal part can be roughly detected along the line ku   . We have assumed that the signal sources are all different. In the ambiguity domain, if we choose points along the line ku   or 0   (except the origin), the value of ambiguity function auto-terms of other signals and cross-terms will be very small. Theoretically, noise will exist only at the origin, so we can ignore the cross-terms and noise term when we calculate the auto-ambiguity function of one signal. The ambiguity functions of the signals are given by Figure 3 and Figure 4 . 
Two-dimensional ad-music in near-field
Reference [15] proposed an AD-MUSIC method to estimate direction-of-arrival (DOA) for far-field. In this paper, this method is extended to near-field, combined with the 2D-MUSIC method and ambiguity function to estimate the bearing and range of two different signal sources.
The ambiguity function (AF) with respect to ( )
Then, for a signal vector
we construct a spatial ambiguity function distribution matrix as follows:
Eq.11 is similar to the formula of DOA estimation used in [16] , and some properties has been proved in [9] that the spatial ambiguity function matrix Eq.11 can be used to replace the covariance matrix. We perform the eigenvalue decomposition of matrix AF , then, the noise subspace is estimated. The method to estimate the bearing and range by finding the largest peaks of the 2D-MUSIC function is as follows:
where n E is the noise subspace of the matrix AF .
Ad-root-music in near-field
For the second method, we construct two spatial ambiguity function distribution matrices 1 AF and 2 AF based on Eq. 6, the 1 2 ( , ) l l th elements of which are respectively 
We can see from Eq.17 and Eq.18 that, theoretically, signal noise exists only at the origin after processing by the ambiguity function. However, in practice, because of the data length restrictions, noise cannot be the ideal impulse function. Thus, a window with a appropriate length near the origin will be needed.
We perform the eigenvalue decomposition of 1 AF and 2 AF , i.e.,   E E , we obtain two polynomials as
where the coefficients
 are the sum of the elements along the diagonals of  and  , respectively. Using Eq.26 and Eq.27 to extract their roots, we can obtain 1 2 ( , , , )
(P roots on the unit circle). The information of azimuth is included in  and  . Also,  include the information of azimuth and range. To obtain the correct bearing and range estimation, the parameter pairing is needed, which is investigated in [17] . Then, we obtain the bearing and range by
for 1, , p P   .
Simulation results
We assume a uniform linear array of 10 sensors with the spacing of array element is 1/4 of wavelength, the number of snapshots N=256, the data window length is 120, and the window across From the figures, we conclude that the AD-MUSIC method in near-field proposed in this paper has higher estimation accuracy than the conventional MUSIC, even than the time-frequency MUSIC method in near-field based on WVD (we call it WVD-MUSIC).
Experiment 2: Compare AD-ROOT-MUSIC, WVD-ROOT-MUSIC method [18] and ROOT MUSIC in near-field
The simulation conditions are same as experiment 1. For source 1 and 2, Figure 10 (A) and (B) show the RMSE of bearing estimation. Figure 11 (A) and (B) show the RMSE of range estimation.
It can be seen that the method based on ambiguity functions has higher resolution than the method based on WVD, even than the conventional algorithms (we have validated in the other papers). 
Conclusion
In this paper, we introduce the AD-MUSIC to near-field to estimate the bearing and range for the mixed sources of sinusoidal signal and LFM signal. Further, a novel method of AD-ROOT-MUSIC method in near-field proposed. The simulations shows that, for the bearing and range estimation of near-field non-stationary signals, the new method based on ambiguity function has higher estimation accuracy and resolution than the conventional methods and the method based on WVD, and the new method is easier to remove noise.
Acknowledgments

